Y. Thiriet, P. Martinoty. Ultrasonic study of the shear mechanical impedance of butyloxybenzylidene octylaniline near the crystalline-B-smectic-A phase transition. Journal de Physique Lettres, 1982, 43 (5) Abstract. 2014 We report a detailed study of the shear mechanical impedance near the crystalline-Bsmectic-A transition in butyloxybenzylidene octylaniline (40.8). The measurements were performed at various frequencies from 5 to 85 MHz for shear waves propagating along the normal to the layers.
to the layers were performed to observe the shear of one layer relative to another [7] [8] [9] . However, some confusion has surrounded the nature of the response -elastic or viscoelastic -and the value of the associated elastic constant C44 [6] [7] [8] .
Earlier we reported measurements at v = 15 MHz of the real part R and the imaginary part X of the shear mechanical impedance [8] . These measurements showed that the response of the B phase is not elastic, but viscoelastic at this frequency and that C44 must be necessarily below 10'7 dyn./cmz. These results have been confirmed by Cagnon and Durand [9] , who have shown that the material response becomes elastic only in the very low frequency range (v ~ few Hz) and that the value of C44 is of the order of 106 dyn./cm2, which is consistent with our estimation.
Another aspect of the problem concerns the existence of a pretransitional effect at the smectic-A to B (A-B) transition. Indeed the X-ray experiments [6] revealed no indication of pretransitional effects, whereas such effects were observed for the specific heat [14] .
We present here a detailed study of the shear mechanical impedance across the A-B transition in the frequency range MHz, which, notably, allowed us to detect a pretransitional effect in the B phase which becomes smaller and smaller as the frequency is increased. An important experimental difficulty was to separate this pretransitional effect from spurious effects related to the existence of a two-phase region.
The complex acoustic shear impedance of a material at a frequency OJ is given by where V * is the complex shear wave velocity and G(cw) = G' + iG" is the complex shear elastic modulus. This equation allows one to relate G' and G" to R and X by
In the presence of a relaxation process characterized by a single relaxation time r, G'(w) and G"(w) are given by [10] : and where G(0) and G(oo) are the shear elastic modulus at zero and infinite frequencies respectively.
If the B phase has 3D long range crystalline order, the elastic constant G(O) is C44. When (M-~ 1, G' --&#x3E; C44 and C44 is related to R by C44 = R 2/p. In this regime R is frequency independent and X is equal to zero. In the presence of a relaxation process R increases with increasing frequency and X becomes non-zero. Thus, in order to determine whether the regime is hydrodynamic or not, one must measure the real and imaginary parts of Z or, equivalently, the frequency dependence of R.
In the smectic-A phase G(0) -= 0. When ~r ~ 1, G' -~ 0 and R = X. We obtain a viscousdamped shear mode for which where '1 is the viscosity.
In the presence of a relaxation process, R and X become different and the smectic-A phase presents an apparent shear rigidity G'. Here again, measurements of R and X, or measurements interface. We used the inclined incidence method which is known to be more sensitive than the one at normal incidence [11] . In this method a pulse of shear waves propagates in a fused silica bar along the path indicated in figure 1 and is reflected Experimentally r was determined by selecting a suitable echo in the echo train and by measuring its amplitude in decibels before and after the application of the sample to the bar. The difference A (dB) between the two values is related to r by :
where n is the number of the echo. As the shear modulus of the test material approaches that of fused silica, r becomes small and d (dB) large.
Measurements of r were made at five frequencies, 5, 15, 25, 45 and 85 MHz, by comparing the selected echo against a reference signal. At each frequency the decibel loss was measured for the fused silica-air and fused silica-sample interfaces as a function of temperature, and values of R were computed from the d (dB) values using equations (6) and (4) .
The period to obtain a fused silica-sample curve was typically 12 h and, as we shall see later, some experiments have required a week. To ensure adequate stability of the electronic system during this time it was necessary to regulate all power supplies and to derive the reference and the acoustic pulses from the same oscillator.
Phase measurements were obtained by superimposing the comparison pulse and the selected echo; by appropriate adjustment of a variable delay line and the attenuator, the two pulses were made equal in amplitude and opposite in phase and therefore cancelled. After placing the liquid on the bar this process was repeated and the phase 0 determined from the difference between the delay-line settings. Measurements of 0 were made at 15 and 25 MHz. We have found that 0 is always less than 3°. This justified the use of equation (4) in the determination of R. Other details of the set-up are given in reference [12] . Our The compound was placed between the reflecting surface of the bar and a coverglass both coated with a surfactant, and oriented in the homeotropic configuration. In this configuration the smectic layers were aligned in a direction parallel to the substrate, i.e. in a direction parallel to the shear displacement (Fig. 1) . By reason of the oblique incidence, the transmitted wave propagates with an angle ~ with the normal to the layers. However, the value of ~ is very small because the shear mechanical impedance of fused silica is much higher than that of the B phase [13] . One may therefore consider that the shear wave propagates in a direction perpendicular to the layers.
The alignment was obtained by heating the sample into the nematic phase and then slowly cooling it down to the Sm-A and B phases. The quality of alignment was evaluated by examination between crossed polarizers. For each sample used it was possible to extinguish completely and uniformly the light transmitted between crossed polarizers. Since the compound is a Schiff's base which suffers from chemical instability the following precautions were taken; before being placed on the bar the compound was first vacuum-pumped at 7" ~ 80 °C for 12 hours to remove any residual solvent, and, once on the bar, it was maintained in a dry nitrogen atmosphere in order to prevent any contamination. Data obtained with samples prepared in this way were quite reproducible.
Most of the measurements were made using thin samples (no spacer between the bar and the coverglass). However, to check on a possible thickness dependence, preliminary measurements were carried out with thick samples (up to 0.2 cm). For these samples the alignment in the bulk was obtained by applying a magnetic field of 6 kG. Thin and thick samples gave identical results within experimental errors, which shows that the shear wave is strongly damped. Additional measurements were made without the coverglass to be certain that the pressure induced by the coverglass does not alter the smectic response.
All measurements were made by lowering the temperature, over a temperature range of about 20 °C (from 60 °C to 40 OC), at intervals smaller than 0.1 °C near TAB. After a run, the sample was kept undisturbed at T = 40 °C during at least two days, to test a possible influence of defects. No significant difference appeared in the measurements before and after this annealing procedure indicating that the quality of the sample is very good within the thickness « seen » by the shear wave. The transition temperature and the quality of the sample were verified by differential thermal analysis (DSC) before and after each experiment; the width of the peak at the transition gave us an estimate of the temperature range where the B and the smectic-A phases coexist. Unless otherwise specified, all measurements presented here were carried out with silane as surfactant.
We have also tested the evolution of the sample as a function of time by performing measurements over a period of one week. For these particular measurements the following procedure was used. Each day, a run from 55 °C to 40 °C was made. During the night separating two runs the sample was kept undisturbed at 40 °C. To avoid hysteresis effects related to the first-order character of the A-B transition, all the runs were made by lowering the temperature.
Since the measurements were made under an external field (shear stress), it is possible that the property we measured did not relate to thermal equilibrium. To be certain that this was not the case, we studied the response of the sample on the driving amplitude. We found no amplitudedependent effect when the electric signal was varied from 2 to 200 V, which corresponds to an induced shear displacement varying from 0.1 A to 10 A. This indicates that our measurements are in the linear response regime.
A typical result obtained at 5 MHz is shown in figure la. The curve represents the attenuation of the 20th echo measured for the fused silica-sample interface as a function of temperature.
As mentioned above the fused silica-air curve is temperature independent in this temperature range; therefore the curve in figure la directly yields the relative behaviour of the sample under shear. As the transition is approached from above, one observes that the attenuation of the reflected wave decreases slightly and then starts to increase very sharply at a temperature To on entering the B phase. Deep in the B phase the attenuation increases monotonically with decreasing temperature. Although the transition is strongly first-order [6, 14] , the form of the curve below To suggests the existence of a pretransitional effect. The fact that this effect spreads over 2-3 °C while the width of the calorimetric peak measured by DSC on the same sample is only 0.7 °C confirms the pretransitional nature of the effect. Other arguments in favour of this pretransitional behaviour will be given in the discussion of results simultaneously obtained at 5 and 85 MHz.
Despite all the aforementioned precautions it was found that with the passage of time the sample would deteriorate. The deterioration was shown by a lowering of the temperature To. This is illustrated in figure lb where some of the results obtained over a period of a week have been reported. The important point to note, however, is that the form of the curve remains unchanged whereas To decreases by ~ 1 °C during this period; this is shown in figure la where the results of figure lb are normalized with respect to To. The slight discrepancies which appear in the Sm-A phase and in the bend of the curve, and which are detected thanks to the extreme sensitivity of the technique, are likely due to subtle changes in the sample that are optically not detectable.
We repeated these measurements using lecithin coating. For the first day run the material response was roughly similar to that observed with silane coating, but it changed dramatically as a function of time; this change was evidenced by a faster decrease of To, a softening of the system in the B phase and a reduction in the sharpness of the attenuation onset from one day to the next.
Since our measurements were made in the linear response regime, we believe that this apparent softening was due to the diffusion of lecithin molecules through the planes of the B phase. Because of the diffusive nature of,the shear mode in the Sm-A phase this diffusion effect should not strongly affect the response of the sample in this phase, as was observed. Figure 2 shows the temperature dependence of R at various frequencies and figure 3 compares R and X values measured at 15 MHz; this allows the following remarks to be made :
(1) The large rise in R on entering the B phase exists for all frequencies and reflects the structure change of the A-B transition.
(2) In the B phase R increases with increasing frequency and X is non-zero. This is the behaviour expected in presence of dispersion. Therefore the measured shear modulus G' does not correspond to the hydrodynamic value (C44 = ~ ~). We find G' ~ 10' dyn./cm~. Since C44 G', this value implies that C44 is at least more than an order of magnitude smaller than previously reported values of 108 dyn./cmz ; this estimate is compatible with the value recently measured by Cagnon and Durand [9] .
(3) In the Sm-A phase where C44 = 0, R and X differ significantly. Since in the dispersionless regime R and X should be equal, this indicates the presence of relaxation processes. The Sm-A phase presents therefore an apparent shear modulus G'. We find G' ~ 3 x 106 dyn./cm2. The low value of the dynamic viscosity (1]' ~ 6 cp at 15 and 25 MHz) suggests that the data in the Sm-A phase are in the c~i &#x3E; 1 regime. The presence of dispersion in the Sm-A phase is not specific to 40.8 and has already been observed in Sm-A phase of other liquid crystals that do not have an A-B transition [15] . Two processes may contribute to the dispersion in the Sm-A and B phases : relaxation of dislocations which do not have enough time to migrate during the period when the film is sheared, and director fluctuations which are coupled to the shear flow. (5) The difference between the value of R 2 measured in the B phase at a given frequency and the value of R 2 measured in the A phase at the same frequency shows again that C44 10' dyn./cm2. (6) A careful examination of figure 2 shows that the temperature To for which R starts to rise, increases with increasing frequency. The figure 4 show that the temperature To is high, 49.5 °C and 49.75 ~C at 5 and 85 MHz respectively, but also that the width of the coexistence region determined in this way is already relatively large, of the order of 0.7 °C determined by X-ray techniques [17] . As the purity deteriorated, the variation in R at the transition for 85 MHz became softer and softer, and for « dirty » samples (in particular with lecithin) became virtually impossible to detect. In this latter case, one observed at 5 MHz a rounding in the variation of R at To instead of the abrupt onset shown in figure 4 .
In conclusion we have shown by two independent ways that 40.8 presents a viscoelastic behaviour in both smectic A and B phases between 5 and 85 MHz.
On the other hand we have observed on entering the B phase an increase in R for all frequencies which, taking account of the fact that this phase is a 3D-solid, marks the onset of the propagating regime for the shear wave. The value of G' at 15 MHz, the value of R 2 at 5 MHz and the variation of the R 2 value around the transition at a given frequency show by three different ways that C44 10' dyn./cm2.
In addition, we have observed a pretransitional effect below TAB in the real part of the shear impedance which reflects intrinsic properties rather than impurity-induced artifacts. This effect which becomes smaller and smaller as the frequency is increased, has a dynamical origin and is related to a high frequency relaxation process. The X-ray experiments [6] showing no indication of pretransitional changes in long range positional correlations, this effect could be due either to the director relaxation or to the changes in the defect structure prior to melting. However, the disappearance of this effect at high frequency suggests that it could be due to director relaxation rather than to the changes in the defect structure. The recent observation [18] in the very low frequency range by Cagnon and Durand of a pretransitional effect similar to the one we have observed at 5 MHz is in favour of this possibility.
